Introduction
============

Thyroid cancer, especially papillary subtype, is the most common malignancy in the endocrine system ([@bib1]). Papillary thyroid cancer (PTC) can be further classified into conventional variant (CPTC), follicular variant (FVPTC) and other rare variants ([@bib2]). Despite PTC is usually a well-differentiated thyroid carcinoma with a favorable prognosis, its incidence has been sharply rising in many countries over the last decades ([@bib3]) (the average incidence in the USA was 2.4% from 1980 to 1997 and 6.6% from 1997 to 2009 ([@bib2])). In addition, recurrence and metastases are common for a small proportion of PTCs who reach advanced disease stages ([@bib4]). In recent years, molecular markers have received extensive attention to improving risk stratification of PTC ([@bib5]).

*BRAF* is the main subtype of RAF kinase and plays a key role in tumorigenesis. The mutation of *BRAF* V600E could trigger tumorigenesis through constitutively activating MAPK pathway ([@bib6]). As the most common mutation observed in PTC, *BRAF* V600E has received special attention in various ethnic populations since this protein kinase may contribute to cell proliferation, growth and division. However, due to the limited large cohort evidence, the function of *BRAF* V600E as a biomarker in driving aggressiveness in PTC continues debatable ([@bib7], [@bib8]). The majority of researches claimed that *BRAF* V600E mutation was associated with poor clinicopathologic outcomes in patients with PTC, such as large tumor size, lymph node metastases, advanced clinical stages and recurrence ([@bib9], [@bib10]). By contrast, several studies suggested that *BRAF* V600E mutation had no significant association with clinical stage, multicentricity or recurrence ([@bib11], [@bib12]). These equivocal findings have hindered the fact that whether the mutation had an impact on aggressive behavior of PTC. Furthermore, most researches have focused on the relationship between mutation and clinicopathological characteristics, but the epidemiologic factors related to *BRAF* V600E mutations were rarely studied in previous researches. Here, we investigated epidemiological characteristics that may be associated with the mutation of *BRAF* V600E and then studied the role of *BRAF* V600E mutation in the clinicopathological features of PTC.

Patients and methods
====================

Patient identification and clinicopathologic data collection
------------------------------------------------------------

This study included 2048 patients (1556 women and 492 men) age 43.14 ± 11.01 years (mean ± [s.d.]{.smallcaps}) who were diagnosed with PTC and underwent surgery between January 2015 and July 2018 at the Department of the thyroid, breast and vascular surgery in Xijing Hospital. These patients were clinically observed with mean follow-up time of 23.4 months (range 5--47 months) after the initial treatments. All these patients were regularly followed with physical examinations, thyroid function tests and neck ultrasonography every 6--12 months after the initial surgery. If suspicious or indeterminate thyroid nodules or lymph nodes were found, ultrasound-guided fine-needle aspiration cytology (US-FNAC) was used for evaluation. Between January 2015 and July 2018, 2850 patients were diagnosed with thyroid cancer. Among these, 2805 patients (98.42%) were diagnosed with PTC, and 45 patients (1.58%) were diagnosed with other types of thyroid carcinoma. PTC patients without *BRAF* V600E status or lost to follow-up were excluded. The flow diagram of patient included was shown in [Fig. 1](#fig1){ref-type="fig"}.Figure 1Flow diagram of patient included according to the inclusion and exclusion criteria.

After institutional review board approval and informed patient consenting, we retrospectively collected detailed *BRAF* V600E and clinicopathologic data from institutional patient records. The epidemiological data and clinicopathological features were summarized in [Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}, respectively. Patients with alcohol history was defined as patients who drinking more than twice a month and lasting more than 1 year. Patients with smoking history was defined as patients who had a current or past smoking history of ≥6 months. Tumor node metastasis (TNM) stages were defined based on the seventh edition of the American Joint Committee on Cancer (AJCC) staging system. Persistent or recurrent disease was defined as the presence of a structural abnormality confirmed by cytological or surgical pathology after the initial surgery. The *BRAF* V600E mutation results had no influence on the treatment decision making. Table 1Association of *BRAF* V600E with epidemiologic features of all PTC.*BRAF* V600E mutation (−)*BRAF* V600E mutation (+)χ^2^*P* valueNo. (%)No. (%)Total No. of cases333 (16.3)1715 (83.7)Age at diagnosis ≤45224 (20.3)881 (79.7)28.366**\<0.001** \>45109 (11.6)834 (88.4)Sex Male74 (15.0)418 (85.0)0.7070.400 Female259 (16.6)1297 (83.4)Family history of cancer Had any family member(s) with history of cancer27 (11.4)209 (88.6)4.550**0.033** None306 (22.5)1506 (77.5)Presence of history of cancer Had any other cancer5 (12.5)35 (87.5)0.4240.515 None328 (16.3)1680 (83.7)Presence of smoking history Ever28 (18.1)127 (81.9)0.4010.527 Never305 (16.1)1588 (83.9)Presence of alcohol history Ever7 (15.2)39 (84.8)0.0380.846 Never326 (16.3)1676 (83.7)Concomitant diabetes Yes8 (8.6)85 (91.4)4.196**0.041** No325 (16.6)1630 (83.4)Concomitant hypertension Yes18 (7.0)238 (93.0)18.300**\<0.001** No315 (17.6)1477 (82.4)Concomitant benign thyroid diseases Hyperthyroid  Yes7 (24.1)22 (75.9)/0.305  No326 (16.1)1693 (83.9) Nodular goiter  Yes19 (20.4)74 (79.6)1.2440.265  No314 (16.1)1641 (83.9) HT  Yes96 (28.9)236 (71.1)46.611**\<0.001**  No237 (13.8)1479 (86.2)[^2][^3][^4] Table 2Relationship of *BRAF* V600E with clinicopathological features of All PTC.*BRAF* V600E mutation (−)*BRAF* V600E mutation (+)χ^2^*P* valueNo. (%)No. (%)Total no. of cases333 (16.3)1715 (83.7)Surgery Lobectomy53 (14.8)306 (85.2)0.7160.397 Total thyroidectomy280 (16.6)1409 (83.4)Histological type CPTC321 (15.9)1701 (84.1)**/\<0.001** FVPTC12 (46.2)14 (53.8)Tumor size ≤2 cm290 (15.6)1564 (84.4)5.488**0.019** \>2 cm43 (22.2)151 (77.8) Median (quartile), cm1.0 (0.7--1.5)0.9 (0.7--1.4)Lesions Unilateral260 (18.0)1184 (82.0)10.959**0.001** Bilateral73 (12.1)531 (87.9)Extrathyroidal invasion Yes45 (15.6)244 (84.4)0.1170.732 No288 (16.4)1471 (83.6)Vascular invasion Yes43 (15.4)237 (84.6)0.1940.660 No290 (16.4)1478 (83.6)Status of lymph node metastases^a^ Yes190 (18.2)855 (81.8)3.7040.054 No127 (14.9)727 (85.1)Site of lymph node metastases Only central92 (14.0)564 (86.0)20.648**\<0.001** Only lateral13 (23.2)43 (76.8) Central and lateral85 (25.5)248 (74.5)Disease stage (7th edition)^b^ I + II282 (17.8)1301 (82.2)6.718**0.010** III + IV48 (12.3)341 (87.7)Distant metastatic Yes1 (20.0)4 (80.0)/1.000 No332 (16.3)1711 (83.7)Persistent or recurrent disease Yes19 (22.1)67 (77.9)2.2430.134 No314 (16.0)1648 (84.0)[^5][^6][^7]

Mutational analyses
-------------------

*BRAF* V600E mutational analyses were performed by pathologists after surgical treatments of patients. DNA was isolated from formalin-fixed, paraffin-embedded (FFPE) tissue blocks by SDS-proteinase K method and subjected to Amplification Refractory Mutation System (ARMS)- real-time PCR for the detection of *BRAF* V600E mutations. DNA was extracted from each sample via a commercial kit (FFPE DNA reagent, Cat No. ADx-FF01) according to the manufacturer's instructions. Typically, 5 μm sections (2--4 pieces) were carefully micro-dissected from FFPE tissue blocks. The sections were initially treated with 1.5 mL xylene/ethanol three times, then digested during an overnight incubation with 20 μL proteinase K solution and 180 μL buffer DTL in a 56°C rotating incubator, and DNA purification was performed through QIAgen columns, according to the manufacturer's instructions. Then, the most common T1799A transversion (*BRAF* V600E) mutation was studied. The PCR was used to amplify exon 15 of the *BRAF* gene, which was detected by *BRAF* V600 Mutations Detection Kit (Applied by ADx-BR01, AmoyDx Company, China) according to the manufacturer's instructions. PCR primer sequences were as follows: forward primer, TCTGTAGCAGCCCTCAGTAGCGAAGCAGTGATTTTGGTCTAGCTACAGA; reverse primer, AGCCCTCAGTAGCGAAGCAACTCAGCAGCATCTCAGG. *BRAF* gene reactions were performed in a final volume of 40 μL using as template 10--15 ng of genomic DNA, with 1× buffer including 14 pmol forward primer, 20 pmol reverse primer, 12.5 pmol dNTPs, 350 pmol MgCl~2~, mutant probe 20 pmol and 1 unit of Taq polymerase. Each reaction included a positive and a negative control sample, and in negative sample, DNA template was substituted by water. PCR recycling started with initial denaturation step at 95°C for 5 min, followed by 40 cycles of denaturation (95°C, 25 s), annealing (64°C, 20 s) and extension (72°C, 20 s) and a last step of 10 min extension at 72°C. PCR efficiency was determined by measuring the Ct value of FAM signal.

Statistical analyses
--------------------

Data related to histologic characteristics, patient epidemiological data and clinical outcomes were collected. Categorical data were summarized with frequencies and percentages. Continuous data were summarized with means ± standard deviations (if it is a normal distribution) or medians and quartile (if it is not a normal distribution). The chi-square test (χ^2^ test) or, for small cell sizes, Fisher's exact test was employed to examine categorical variables. All *P* values were two-sided, and a *P* value \<0.05 was treated as statistically significant. Pooled ORs with their corresponding 95% confidence intervals (95% CIs) were calculated to assess the relationship between *BRAF* V600E mutation and clinicopathological features. All statistical analyses were conducted by the software of SPSS with version 23.0.

Results
=======

*BRAF* V600E mutation in PTC
----------------------------

There were 2048 patients included in the study with an average age of 43.14 ± 11.01 (range 5--80), and 76.0% of the patients were female (1556 women and 492 men). *BRAF* V600E mutation was found in 1701 of 2022 (84.1%) CPTCs, and 14 of 26 (53.8%) FVPTCs, with an overall prevalence of 83.7% (1715 of 2048). No significant difference of *BRAF* V600E mutation was observed in female and male patients (*P* = 0.400). With regard to ages, significant difference of *BRAF* V600E incidence was found between patients aged ≤45 and \>45 years (79.7 vs 88.4%, *P* \< 0.001). To further investigate the influence of age on mutational incidence, we divided all patients into children/adolescent group (≤25 years) and adults groups of various age ranges (25--35, 35--45, 45--55, \>55 years old). As shown in [Fig. 2](#fig2){ref-type="fig"}, patients were more prone to be *BRAF* V600E positive with the growth of age.Figure 2The correlation between the presence of the *BRAF* V600E mutation and the age of patients at the time of diagnosis.

Association of *BRAF* V600E and epidemiological features in PTCs
----------------------------------------------------------------

To identify epidemiological factors associated with *BRAF* V600E mutation, the relationship between epidemiological features and the mutation was investigated. In the univariate analysis of 2048 PTCs ([Table 1](#tbl1){ref-type="table"}), the presence of *BRAF* V600E mutation was found to be significantly associated with several epidemiological features, including age at diagnosis, family history of cancer, concomitant diabetes, hypertension and Hashimoto thyroiditis (HT). The incidence of *BRAF* V600E mutations in patients with family cancer history was higher than that in patients without family history of cancer (88.6 vs 77.5%, *P* = 0.033). Interestingly, patients with diabetes or hypertension presented higher mutation rates than those who did not have diabetes or hypertension (91.4 vs 83.4%, *P* = 0.041; 93.0 vs 82.4%, *P* \< 0.001). Conversely, the patients concomitant of HT displayed less *BRAF* V600E mutations than patients without HT (71.1 vs 86.2%, *P* \< 0.001). Similarly, patients with hyperthyroid or nodular goiter showed lower mutation frequency than those who did not have hyperthyroid or nodular goiter, but the association was insignificant. Except the factors mentioned above, no significant association was found between the presence of *BRAF* V600E mutation and other features including gender, presence of history of cancer, presence of smoking and alcohol history.

Relationship of *BRAF* V600E and clinicopathological features in PTCs
---------------------------------------------------------------------

In the univariate analysis of all PTCs ([Table 2](#tbl2){ref-type="table"}), the presence of *BRAF* V600E was found to be significantly associated with small tumor size (*P* = 0.019), bilateral multifocality (*P* = 0.001), less central and lateral lymph node metastases simultaneously (*P* \< 0.001) and advanced disease stage (III and IV) (*P* = 0.010). Although there was no significant association, less *BRAF* V600E mutation was found in patients with lymph node metastases than patients without lymph node metastases (81.8 vs 85.1%, *P* = 0.054). Furthermore, it was worth noticing that less *BRAF* V600E presented in patients with aggressive lymph node metastases (central and lateral metastases at the same time) than patients with only central or only lateral lymph node metastases (74.5 vs 86.0% or 76.8%, *P* \< 0.001). No significant association was found between *BRAF* V600E mutation and another high-risk clinicopathologic characteristics, such as extrathyroidal invasion (*P* = 0.732), vascular invasion (*P* = 0.660), distant metastatic (*P* = 1.000) and PTC persistence or recurrence (*P* = 0.134).

Multivariate logistic regression analysis of *BRAF* V600E mutation in PTCs
--------------------------------------------------------------------------

To further confirm the relationship between *BRAF* V600E and epidemiological or clinicopathological features, multivariate logistic regression analysis was performed ([Table 3](#tbl3){ref-type="table"}). The results showed that age (*P* = 0.002, OR = 1.024, 95% CI = 1.009--1.041), concomitant hypertension (*P* = 0.032, OR = 1.812, 95% CI = 1.052--3.120) and lesions (*P* = 0.006, OR = 1.233, 95% CI = 1.063--1.431) were positive independent factors for *BRAF* V600E mutation. In contrast, concomitant HT (*P* \< 0.001, OR = 0.402, 95% CI = 0.300--0.538) and lateral lymph node metastases (*P* \< 0.001, OR = 0.496, 95% CI = 0.357--0.689) were negative independent factors for *BRAF* V600E mutation. After adjustment for patients' age and sex, the association between *BRAF* V600E mutation and disease stage was not statistically significant (*P* = 0.771, OR = 1.028, 95% CI = 0.856--1.234). Table 3Multivariate logistic regression analysis of *BRAF* V600E mutation of all PTC.*BRAF* V600E mutation (*n*, %)*P* ValueOR95% CI−+Age at diagnosis39.29 ± 11.4443.88 ± 10.77**0.0021.0241.009--1.041**Sex0.7501.0510.773--1.431 Male74 (15.0%)418 (85.0%) Female259 (16.6%)1297 (83.4%)Family history of cancer0.1951.3520.857--2.131 Had any family member(s) with history of cancer27 (11.4%)209 (88.6%) None306 (22.5%)1506 (77.5%)Concomitant diabetes0.4281.3890.616--3.129 Yes8 (8.6%)85 (91.4%) No325 (16.6%)1630 (83.4%)Concomitant hypertension**0.0321.8121.052--3.120** Yes18 (7.0%)238 (93.0%) No315 (17.6%)1477 (82.4%)Concomitant HT**\<0.0010.4020.300--0.538** Yes96 (28.9%)236 (71.1%) No237 (13.8%)1479 (86.2%)Tumor size1.0 (0.7--1.5)0.9 (0.7--1.4)0.5710.9500.795--1.135Lesions**0.0061.2331.063--1.431** Unilateral260 (18.0%)1184 (82.0%) Bilateral73 (12.1%)531 (87.9%)Site of lymph node metastasis Central177 (17.9%)811 (82.1%)0.3461.1570.854--1.568 Lateral98 (25.2%)290 (74.8%)**\<0.0010.4960.357--0.689**Disease stage (7th edition)^a^0.7711.0280.856--1.234 I + II282 (17.8%)1301 (82.2%) III + IV48 (12.3%)341 (87.7%)[^8][^9][^10]

Discussion
==========

This study sought to find the epidemiological factors associated with *BRAF* V600E mutation and clarify the relationship between *BRAF* V600E mutation and clinical outcomes in PTC. Previously, the *BRAF* V600E mutation has been reported as an aggressive prognosis in PTC, although a large cohort study was inadequate and there have been noteworthy inconsistencies in some studies ([@bib13], [@bib14]). In our analysis, we found a lack of correlation between *BRAF* V600E mutation and either aggressive clinicopathological features or persistent or recurrent disease.

The incidence of *BRAF* V600E mutation increased in recent years, it seems that *BRAF* V600E mutation gradually become the accompanying phenomenon for PTC patients. Mingzhao Xing *et al*. reported *BRAF* V600E rate of 38.3% in patients between 1990 and 2012 ([@bib15]). In 2007, Electron *et al*. reported the prevalence of *BRAF* V600E was 46.4% ([@bib16]). In 2012, Kurtulmus *et al*. showed *BRAF* V600E mutation rate of 39.45% in PTCs ([@bib17]). The meta-analysis showed *BRAF* V600E mutations occurred in 60.6% of PTCs (update to August, 2015) ([@bib6]). In 2016, Kim *et al*. reported *BRAF* V600E mutations were presented in 83.7% PTC patients (2789 of 3332) ([@bib18]), and we found the similar mutation rate in our sample. Compared to previous researches, we update *BRAF* V600E mutation data from 2015 to 2018. The reason why mutation prevalence in our study is higher than the average may ascribe to population aging in recent years and different research methodology. In this study, the *BRAF* V600E mutations were tested from the postoperative tissue samples using the ARMS- real-time PCR method, which was more sensitive and robust at detecting *BRAF* V600E somatic mutations than DNA sequencing on clinical samples ([@bib19]).

Our study indicated that older age and concomitant hypertension were independent risk factors of *BRAF* V600E mutation. On the contrary, concomitant HT was an independent protective factor of the mutation. Despite being insignificant after multivariate adjustment, the presence of family history of cancer was associated with higher *BRAF* V600E mutation incidence in the univariate analysis, which were in agreement with the data reported in previous study ([@bib20]). In addition, with the large size of this study, negative correlation between HT and *BRAF* V600E mutation was demonstrated, which was confirmed in a recent smaller study ([@bib21]). Potential mechanisms and immunological link that might lead to the synchronous appearance of HT and PTC had been investigated ([@bib22], [@bib23]). If there is more clinical evidence, the correlation between *BRAF* V600E and family history of cancer, hypertension and HT may help to promote the investigation of *BRAF* V600E mutation mechanism. As for the factor of age, plenty of researches had found that incidence of *BRAF* V600E was higher in patients \>45 years old ([@bib10], [@bib16]), but few studies found the positive correlation between *BRAF* V600E and age ([Fig. 2](#fig2){ref-type="fig"}). Compared to adults, PTC in pediatric and adolescents presents more lymph node metastases, distant metastases and recurrence ([@bib24], [@bib25]). Combining the study mentioned above, the phenomenon that less number of *BRAF* V600E mutations appears in patients aged under 25 years suggested that aggressive features displayed in these patients may not be caused by *BRAF* V600E mutation.

The aggressive role of *BRAF* V600E mutations has been widely investigated in previous studies ([@bib6], [@bib8], [@bib10]). However, our results did not show that *BRAF* V600E mutation is a biomarker in driving aggressiveness. Given the high and increased prevalence of *BRAF* V600E mutation in recent years (60.6%, on average, in the meta-analysis mentioned above ([@bib6]), and 83.7% in our study), and the oppositely indolent behavior, the rarity recurrence and mortality of PTC (16 and 3%, respectively) ([@bib26], [@bib27]), an absence of association between *BRAF* V600E mutation, and these negative events seem logical. In univariate analyses, *BRAF* V600E mutations were significantly associated with smaller tumor, bilateral multifocality, advanced disease stage and less aggressive lymph node metastases in PTCs. Advanced TNM stage showed insignificant after multivariate adjustment. Therefore, bilateral multifocality seems to be the only risk factor associated with *BRAF* V600E. Notably, a recent study showed tumor multifocality has no independent risk prognostic value in outcomes of PTC ([@bib28]). Other classic risk factors ([@bib29]), such as extrathyroidal extension, distant metastases and disease recurrence, were insignificantly associated with *BRAF* V600E mutation. Therefore, presence of *BRAF* V600E is not an aggressive role associated with poor clinicopathologic outcomes in PTC. A recent publication has called into question the relationship of *BRAF* V600E mutation and prognosis in PTC. In the analysis of 508 patients with *BRAF* V600E mutation, Henke *et al*. found the mutation is not predictive of long-term outcome in PTC ([@bib7]).

Although the presence of *BRAF* V600E mutation is not an aggressive prognosis on poor clinical outcomes, surgery strategy and treatment guided by the presence of the mutation may be available. Such therapies might include determining surgery extent and the use of *BRAF* inhibitors. The association between *BRAF* V600E and bilateral lesions and less lateral lymph node metastases was found in our study. If there is more clinical evidence in the future, the status of *BRAF* V600E mutation may be considered as one of the factors for determining the surgery extent besides tumor size, extrathyroidal extension, vascular invasion, lymph node size and willingness of patients ([@bib30]). Furthermore, considerable patients with BRAF V600E mutation will have recurrence since a majority of PTC patients in our cohort (83.7%) had the mutation. We propose that high-risk patients with *BRAF* V600E mutation use *BRAF* inhibitors, such as sorafenib, lenvatinib and vemurafenib. Those patients might benefit from the targeted therapy, which (sorafenib and lenvatinib) have been approved for metastatic PTC ([@bib31]).

The greatest strengths of this study are its consecutive large cohort (2048 PTC patients) and its latest research time (from 2015 to 2018). The limitations of this study were as follows. First, a selection bias could occur in this retrospective unicentral research. The large consecutive cohort of patients may help minimize the bias. Second, follow-up time was short in this study (mean 23.4 months, range, 5--47 months). And research on the mechanism of epidemiological features associated with *BRAF* V600E mutation in PTCs should be carried out in the future.

In summary, this was a large consecutive retrospective study that investigated the relationship of *BRAF* V600E mutation with epidemiological and clinicopathological features. Older age and concomitant hypertension were independent risk factors of BRAF V600E mutation. Concomitant HT was an independent protective factor for the *BRAF* V600E expression. Bilateral multifocality was the only risk factor associated with *BRAF* V600E but a recent study showed it has no independent risk prognostic value in outcomes of PTC. Other poor clinicopathological features were insignificantly associated with the mutation. Although the presence of *BRAF* V600E mutation is not an aggressive prognosis on poor clinical outcomes, surgery and treatment guided by the presence of the mutation may be available.
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[^2]: The chi-square test (χ^2^ test) or, for small cell sizes, Fisher's exact test was employed to examine the significance of association between *BRAF* V600E and epidemiologic features.*P* value \<0.05 was treated as statistically significant. Bold indicates statistical significance.

[^3]: '/' means no χ^2^ value because cell sizes were small and Fisher's exact test was employed. '%' is the proportion of patients with or without *BRAF* V600E mutations in the subgroup of patients.

[^4]: HT, Hashimoto thyroiditis.

[^5]: The chi-square test (χ^2^ test) or, for small cell sizes, Fisher's exact test was employed to examine the significance of association between *BRAF* V600E and clinicopathological features. *P* value \<0.05 was treated as statistically significant. Bold indicates statistical significance. Tumor size was summarized with medians (quartile).

[^6]: '/'means no χ^2^ value because cell sizes were small and Fisher's exact test was employed. '%' is the proportion of patients with or without *BRAF* V600E mutations in the subgroup of patients. 'a' means there are missing cases in 'Status of lymph node metastases'. In patients without *BRAF* V600E mutations, 16 patients had undetermined lymph node metastasis status. In patients with *BRAF* V600E mutations, 133 patients had undetermined lymph node metastasis status. 'b' means there are missing cases in 'Disease stage'. In patients without *BRAF* V600E mutations, the disease stage of three patients cannot be determined. In patients with *BRAF* V600E mutations, the disease stage of 73 patients cannot be determined.

[^7]: CPTC, conventional papillary thyroid carcinoma; FVPTC, follicular variant papillary thyroid carcinoma.

[^8]: Age at diagnosis was summarized with means ± standard deviations. Tumor size was summarized with medians (quartile). Multivariate logistic regression analysis was employed to identify risk factors for *BRAF* V600E mutations. *P* value \<0.05 was treated as statistically significant. Bold indicates statistical significance.

[^9]: '%' is the proportion of patients with or without *BRAF* V600E mutations in the subgroup of patients. 'a' means there are missing cases in 'Disease stage'. In patients without *BRAF* V600E mutations, the disease stage of three patients cannot be determined. In patients with *BRAF* V600E mutations, the disease stage of 73 patients cannot be determined.

[^10]: HT, Hashimoto thyroiditis; OR, odds ratio; 95% CI, 95% confidence interval.
